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A B STRA C T
T he co n te n t of ly s in e ,  m e th io n in e , p h e n y la la n in e , th re o n in e , 
is o le u c in e , le u c in e ,  v a lin e  and  try p to p h a n e  w as d e te rm in e d  in  32 
s a m p le s  of r ic e  c o v e r in g  fo u r v a r ie t ie s  an d  fo u r s ta t io n s .  The 
s a m p le s  in c lu d e d  b o th  b ro w n  r ic e  an d  w hite r i c e .  The d e te r m in a ­
tio n s  w ere  c a r r i e d  ou t b y  s ta n d a rd  m ic ro b io lo g ic a l  p ro c e d u re s .  
T ry p to p h an e  w as l ib e r a te d  f ro m  g ro u n d  fa t  f r e e  r ic e  b y  e n z y m a tic  
d ig e s tio n  a t  32° fo r  32 h o u rs  w ith  p a n c re a t in  and  a  hog m u c o sa  p r e ­
p a ra t io n . The r e s t  o f th e  am ino  a c id s  w ere  s e t  f re e  b y  s e p a ra te  
h y d ro ly s is  of th e  fa t  f r e e  s a m p le s  w ith  2 .S N  HC1 fo r  10 h o u rs  a t  
15 pounds p r e s s u r e .  T he n i tro g e n  and  m o is tu re  co n ten t of the  s a m p le s  
w e re  a ls o  d e te rm in e d .
T he r e s u l t s  show ed  th a t  d if fe re n t r ic e  v a r ie t ie s  g ro w n  a t  the 
sa m e  s ta t io n  d if fe r  in  a l l  of th e  8 am in o  a c id s .
The sa m e  v a r ie t ie s  g ro w n  a t  d if fe re n t s ta t io n s  a ls o  show ed  
c o n s id e ra b le  v a r ia t io n s  in  am in o  a c id  c o n te n t. T h is  in d ic a te d  th a t  
in  r ic e  th e  g e n e tic  in flu en c e  is  p a r t ia l ly  m o d ified  b y  e n v iro n m e n ta l 
f a c to r s .
M illin g  c a u s e d  a  d e c r e a s e  in  the  n i tro g e n  co n te n t an d  a ls o  a  
d e c r e a s e  in  th e  e s s e n t ia l  am in o  a c id  c o n ten t. W hen e x p r e s s e d  on 
th e  b a s is  of 16 g ra m s  of n itro g e n  th e  a v e ra g e  c o n te n t of is o le u c in e ,
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le u c in e , and  v a lin e  show ed a n  in c r e a s e  upon m illin g . T h e  a v e ra g e  
co n ten t o f ly s in e  d e c re a s e d  w hile th e  a v e ra g e  co n ten t o f  m e th io n in e  
d id  no t a p p re c ia b ly  ch ange .
T he lo w  n itro g e n  co n ten t r ic e s  show ed  a  h ig h e r  in c id en ce  o f  
th e  e s s e n t ia l  am in o  a c id s  in  p ro p o r tio n  to  th e  n itro g e n  co n te n t o f th e  
g ra in  th a n  the h ig h  n itro g e n  co n ten t r i c e s .  A  r e c ip r o c a l  r e la t io n ­
sh ip  b e tw een  th e  n itro g e n  co n te n t of th e  r ic e  and  the a m in o  acid  c o n ­
te n t  w as g e n e ra l ly  n o tic e a b le  in  the sam e  v a r ie t ie s  g ro w n  a t d if fe re n t 
s ta tio n s  and to  a  l e s s  p ro n o u n ced  e x te n t am ong  d if fe re n t v a r ie t ie s  
g row n a t  the s a m e  s ta tio n . The fin d in g  h a s  r e la t io n  to s im i la r  o b ­
s e rv a t io n s  in  th e  c a se  of c o r n  and  w heat.
I t  is  e v id e n t th a t  a  v a r ie ty  o f f a c to rs  in fluence th e  con ten t of 
c ru d e  p ro te in  an d  am ino  a c id s  in  r ic e .
v iii
INTRODUCTION
In w h ea t, c o rn , an d  fo ra g e  c ro p s  the am in o  a c id  co m p o s itio n  
is  in flu e n c e d  to  a  c o n s id e ra b le  d e g re e  b y  g e o g ra p h ic a l lo c a tio n , p la n t 
v a r ie ty ,  an d  s o il  t r e a tm e n t .  Som e in fo rm a tio n  is  a v a ila b le  r e g a r d ­
ing the  v a r ia t io n  o f a  few  of th e  am in o  a c id s  o f r ic e  w ith  r e s p e c t  to  
v a r ie ty ,  m il l in g , an d  c e r ta in  f e r t i l i s e r  t r e a tm e n ts ,  b u t the  w o rk  is  
n o t e x te n s iv e . No s y s te m a tic  s tu d y  h a s  b e e n  m ad e  to  c o r r e la te  th e  
am o u n t o f n i tro g e n  to  the  am ino  a c id  co n ten t.
T he im p o r ta n c e  o f su ch  in v e s tig a tio n s  in  th e  c a s e  of r ic e  m a y  
be r e a l iz e d  b y  ex am in in g  an  an a lo g o u s s itu a tio n  in  c o rn . In  the 
s e le c t io n  of new  v a r i e t ie s ,  e m p h a s is  w as p la c e d  on the  to ta l  y ie ld  
p e r  a c r e ;  in su f f ic ie n t a tte n tio n  w as p a id  to  th e  p e rc e n ta g e  co n te n t of 
p ro te in .  The r e s u l t  w as th a t  th e  g a in  in  y ie ld  b y  g row ing  h y b r id  
c o rn  w as o ffs e t b y  i ts  lo w  p ro te in  v a lu e . The fe e d  in d u s try  h a s  c o n ­
te n d e d  th a t  the  p e rc e n ta g e  p ro te in  c o n te n t of c o rn  h a s  d e c lin e d  a p p r e ­
c ia b ly  in  th e  y e a r s  p r io r  to  1946. It is  g e n e ra l ly  re c o g n iz e d  th a t  the  
h ig h e r  the  a c r e  y ie ld  o f any  c ro p  th e  h ig h e r  i ts  p e rc e n ta g e  co n ten t 
of c a rb o h y d ra te s  in  r e la t io n  to  p ro te in .
In th e  c a s e  of r i c e ,  the  a v a ila b le  d a ta  in d ic a te s  th a t  the  a p p l i ­
c a tio n  of f e r t i l i z e r s  in c r e a s e s  th e  y ie ld  b u t does n o t s ig n if ic a n tly  in ­
c r e a s e  th e  p e rc e n ta g e  of n itro g e n . T h e re  a r e  a ls o  w ide d if fe re n c e s
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in  p e rc e n ta g e  co n ten t of p ro te in  am ong  v a r ie t ie s .  In th e  U nited  
S ta te s  the t r e n d  h a s  b een  to w a rd  in c r e a s e d  p la n tin g s  o f h ig h  y ie ld ­
ing , lo w  p ro te in  v a r ie t ie s  of r ic e .  I t m a y  thus b e  se e n  th a t  in s u f f i­
c ie n t a tte n tio n  h a s  b een  p a id  to  the  q u a n tity  of p ro te in .  The s itu a tio n  
re g a rd in g  q u a lity  is  s t i l l  m o re  u n s a tis fa c t  o ry . L it t le  is  know n abou t 
the  r e la t io n s h ip  b e tw een  to ta l  n itro g e n  an d  the q u a lity  of r ic e  p r o ­
te in s  . I t w ould th u s  be  a p p a re n t th a t  b o th  q u an tity  and  q u a lity  o f r ic e  
p ro te in  m u s t  b e  s t r e s s e d  in  p ro d u c tio n  of the c ro p  a s  w e ll as  in  d e ­
v e lo p m en t o f n ew  v a r ie t ie s .
In a s  m u ch  a s  the  q u a lity  o f p ro te in s  is  d ep en d en t on the 
e s s e n t ia l  am in o  a c id  c o n s titu e n ts , th e  p r e s e n t  s tu d y  w as in i t ia te d  
to  o b ta in  in fo rm a tio n  on th e  e f fe c t  o f e n v iro n m e n t, m illin g , and  
v a r ie ty  on th e  e s s e n t ia l  am in o  a c id  co n ten t of r i c e .
S E L E C T E D  REV IEW  O F L IT E R A T U R E
1. N a tu re  of p ro te in .  The e a r l i e r  w o rk s  on  p ro te in s  of 
r ic e  p e r ta in  c h ie f ly  to  a t te m p ts  a t  is o la tio n , c h a r a c te r iz a t io n ,  and  
c la s s if ic a t io n  of th e  f r a c t io n s .  The r ic e  p r o te in  f r a c t io n s  ex tra c t-  
ab le  b y  w a te r ,  s a l t  so lu tio n , e th a n o l, and  d ilu te  so d iu m  h y d ro x id e  
so lu tio n , r e s p e c t iv e ly ,  w e re  b ro a d ly  d e s ig n a te d  a s  a lb u m in s , g lo b u ­
l in s ,  p ro la m in e , and  g lu te lin , fo llow ing  th e  co n v en tio n a l m e th o d s  of 
c la s s i f ic a t io n  (65). R o se n h e im  and  K a i j iu ra  (52 ), who f i r s t  is o la te d  
the g lu te lin  f r a c t io n ,  n a m e d  i t  o ry z e n in . O f a l l  c e r e a l s ,  r ic e  i s  unique 
in  th a t  a  v e ry  h ig h  p e rc e n ta g e  of i ts  p ro te in  is  in so lu b le  in  w a te r ,  s a l t  
so lu tio n , an d  a lc o h o l, a n d  b e lo n g s  in  th e  a lk a li  so lu b le  c la s s  o f 
g lu te lin s  (3 0 , 31, 35, 52 , 60). Two g lo b u lin  f r a c t io n s  d iffe r in g  in  
h e a t co a g u lab le  p r o p e r t ie s  a r e  r e p o r te d  to  be  p r e s e n t  in  s m a ll  
q u a n titie s  (30).
2. E x tr a c t io n  o f r ic e  p r o te in s . U n til v e r y  r e c e n t ly ,  c o m ­
p le te  e x tr a c t io n  of r ic e  p ro te in s  h a d  n o t b e e n  o b ta in e d . K ik  (34) e x ­
t r a c te d  th e  p o w d e red  r ic e  s u c c e s s iv e ly  w ith  so d iu m  c h lo r id e  so lu tio n , 
e th a n o l, so d iu m  h y d ro x id e  so lu tio n , and  a c id -e th a n o l  an d  o b ta in e d  a  
y ie ld  o f ab o u t 62 p e r  c e n t of th e  n i tro g e n  c o n te n t in  so lu tio n . S tu rg is  
e t  a l (60) u s e d  K ik 's  p ro c e d u re  and  the y ie ld  of so lu b le  m a te r ia l  o b ­
ta in e d  a v e ra g e d  a p p ro x im a te ly  60 p e r  c e n t o f the n i tro g e n  of th e  r i c e .
4
M cIn ty re  an d  K y m al (40) s u c c e s s fu lly  e x t r a c te d  a l l  th e  n i tro g e n  in  
the  r ic e  g r a in  in  a  so lu b le  fo rm  b y  th r e e  su c c e s s iv e  e x tr a c t io n s  
w ith  a  one p e r  c e n t so lu tio n  of th e  d e te rg e n t S a n to m e rs  No. 3, a  
so d iu m  a lk y l a ry ls u lfo n a te ,  con ta in ing  0 . 1 p e r  c e n t so d iu m  b is u lf i te  
an d  two p e r  c en t so d iu m  c a rb o n a te .
3. P r o te in  c o n v e rs io n  f a c to r . T h e re  i s  no w e ll d e fin ed  c o n ­
v e r s io n  f a c to r  fo r  r ic e  in  ev a lu a tin g  th e  p e rc e n ta g e  c o n te n t o f th e  
p ro te in  f ro m  p e rc e n ta g e  c o n te n t of n itro g e n . Jo n e s  (29) h as  r e c o m ­
m en d ed  th e  va lue  5 .9 5 , a s  a  c lo se  a p p ro x im a tio n . T h is  r e c o m m e n d a ­
tio n  is  b a s e d  on th e  fa c t th a t  th e  m a jo r  co m p o n en t of r ic e  p ro te in ,  
g lu te lin , h a s  an  a v e ra g e  n i tro g e n  co n ten t of ab o u t 16. 8 p e r  c e n t  (31, 
47 ). The m a jo r i ty  of w o rk e rs  s t i l l  u se  the  co n v en tio n a l value o f 6. 26.
4 . B io lo g ica l v a lu e . A lthough r ic e  h a s  a  lo w e r p ro te in  c o n ­
te n t  th an  w h ea t o r  c o rn  i t  h a s  a  b io lo g ic a l  value s u p e r io r  to  e i th e r .
A t th e  sa m e  le v e l of in ta k e  S re e n iv a sa n  (58) fo u n d  th a t  r ic e  p ro te in  
h ad  a  h ig h e r  b io lo g ic a l v a lu e  th a n  e i th e r  co rn  o r  w heat. M itch e ll 
(44) found th a t  the  b io lo g ic a l v a lu e  of b ro w n  r ic e  p ro te in  was s u p e r io r  
to  th a t  of c o rn  o r  o a ts  a t  th e  fiv e  p e r  c e n t  le v e l o f in tak e  of n itro g e n . 
S u re  and  H ouse (61) o b ta in ed  a  p ro te in  u t i l iz a t io n  value of 75. 1 fo r  
r i c e ,  70 fo r  w hea t, 63. 1 f o r  ry e  and 32 fo r  c o rn ,  K ik (32) d e t e r ­
m in e d  b io lo g ic a l v a lu es  fo r  w hole r ic e ,  w hite p o lish e d  r i c e ,  r ic e  
b r a n  and r ic e  p o lish in g s  and  o b ta in ed  a t  the five  p e r  c e n t  p ro te in
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le v e l  v a lu e s  of 72 . 7, 6 6 .6 , 89*9, a n d 8 2 .9 »  r e s p e c t iv e ly .  K ik  (33,
34) in  a  su b se q u e n t s tu d y  te s te d  th e  e ffe c t of am ino  a c id  ad d itio n s  
on g ro w th  of r a t s  fe d  r ic e  d ie ts .  The in v e s tig a tio n  r e v e a le d  th a t  
c y s tin e , m e th io n in e  an d  ly s in e ,  b u t  no t t ry p to p h a n e , su p p lem e n ted  
the p ro te in s  of w hole an d  p o lish e d  r ic e  to  a  s lig h t b u t s ig n if ic a n t 
e x te n t.
5 . A m ino  a c id  c o n te n t. A  n u m b e r  o f s c a t te r e d  r e p o r t s  a r e  
a v a ila b le  on the  am in o  a c id  c o n p o s itio n  o f r ic e  (1 , 2, 6, 11, 22, 24,
25, 26, 27. 28, 32, 33, 34, 37, 38 , 51).
A  c o m p a ra tiv e  s tu d y  is  r e n d e r e d  e x tr e m e ly  d iff ic u lt ow ing to  
the  d if fe re n t  m e th o d s  u s e d  b y  the  a u th o rs  in  e x p re s s in g  th e i r  r e s u l t s  
and  th e  in c o m p le te n e ss  of d a ta . In  s e v e ra l  c a s e s  no m e n tio n  w as 
m ad e  a s  to  w h e th e r th e  sa m p le  w as b ro w n  o r  w hite r ic e ;  so m e w o rk e rs  
d id  n o t g ive th e  n am e  of the  v a r ie ty  and  lo c a tio n  w h ere  g row n . In 
c e r ta in  c a s e s  no s ta te m e n t w as m a d e  w h e th e r th e  c a lc u la tio n s  w ere  
m ad e  on a i r - d r y  b a s is  o r  on m o is tu r e  f r e e  s a m p le s .  Som e a u th o rs  
e x p r e s s e d  d a ta  a s  p e rc e n ta g e  of am in o  a c id  on th e  w eig h t o f the  
s a m p le , w hile o th e r s  r e p o r te d  th e m  as  p e rc e n ta g e  of the  to ta l  
n i tro g e n . A  n u m b e r of w o rk e rs  eq u a te  th e  am in o  a c id  co n ten t w ith  
16 g r a m s  of to ta l  n i tro g e n  in  the s a m p le . In r e c e n t  y e a r s  th e  m e th o d  
of e x p re s s in g  th e  c o n te n t o f am in o  a c id s  w ith  r e f e r e n c e  to  16 g ra m s  
of to ta l  n itro g e n  a p p e a r s  to  be g a in in g  f a v o r . No a t te m p t i s  m ad e
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h e r e  to  r e v ie w  in d iv id u a lly  the  w o rk s  o n  m e re  am in o  a c id  c o n te n t of 
r i c e .  T he w o rk  r e la t in g  to th e  v a r ia t io n  of am in o  a c id s  w ith in  
v a r ie t ie s  and  th e  r e p o r ts  re g a rd in g  th e  e ffe c ts  o f m illin g  w ill he 
in c lu d e d  in  the fo llow ing  s e c tio n s .
a . E ffe c t o f m ill in g . T he e ffe c t of m illin g  on the 
co n ten t o f .so m e  of the am ino  a c id s  o f r ic e  h a d  b e e n  p a r t ly  s tu d ie d
b y  K ik (32 , 34, 35). A c c o rd in g  to  h is  r e p o r t s ,  th e re  w as a  lo s s  o f abou t 
17 p e r  c e n t p ro te in  co n ten t d u r in g  m illin g  a s  w e ll a s  a  lo s s  in  c o n ten t 
o f try p to p h a n e , a rg in in e ,  and  c y s tin e . The b io lo g ic a l value  w as a ls o  
r e p o r te d  to  be  h ig h e r  fo r  r ic e  p o lish in g s  th an  fo r  e i th e r  b ro w n  r ic e  
o r  w hite r ic e .
R a m ia h  an d  M u d a lia r  (50 ), in v e s tig a tin g  the  fo rm a tio n  of p r o ­
te in  in  th e  develop ing  r ic e  g r a in ,  n o te d  th a t  th e  a le u ro n e  la y e r  is  r i c h  
in  p ro te in .  F r o m  the  d if fe re n c e s  in  c o lo r  o b s e rv e d  to w a rd  M illo n 's  
r e a g e n t  an d  A d a m k ie w ic z 's  r e a g e n t  th e y  su g g e s te d  th a t  the  a le u ro n e  
la y e r  is  r ic h  in  try p to p h an e  w h e re a s  p ro te in s  in  o th e r  p o r tio n s  o f th e  
g ra in ,  p a r t ic u la r ly  one o r  tw o la y e r s  o f c e lls  ad jo in in g  th e  a le u ro n e  
la y e r ,  a r e  h ig h  in  ty ro s in e .
b .  Q u a lity  v e r s u s  q u a n tity . In o r d e r  to  th ro w  so m e l ig h t 
on the n a tu re  o f p ro b le m s  co n ce rn in g  th e  p ro te in  q u a lity  a s  in flu e n c ed  
b y  v a r ia t io n s  in  the  to ta l  c o n te n t of th e  r ic e  p ro te in s  i t  w ould  be a d v a n ­
ta g e o u s  to  e x a m in e  b r ie f ly  so m e  of th e  r e s e a r c h  on c o rn , w h ea t, and  
fo ra g e .
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(1) C o rn . H opk ins (21) a t  the I llin o is  
E x p e rim e n te d  S ta tio n  d e m o n s tra te d  th a t  ch an g es  in  p ro te in  co n ten t 
o f c o rn  c a n  b e  in d u ced  b y  s e le c t iv e  b re e d in g . S h o w a lte r , e t  a l (56), 
H an se n  e t  a l  (20), M ille r  e t  a l  (42), an d  F r e y  e t  a l  (13 , 14) d e m o n ­
s t r a t e d  th a t  th e r e  is  a  h ig h  c o r re la t io n  b e tw een  p e rc e n ta g e  of z e in  
an d  the to ta l  p ro te in .  A s th e  p e rc e n ta g e  of to ta l  n i tro g e n  in c r e a s e d  
th e r e  w as a  m o re  r a p id  in c r e a s e  in  th e  co n ten t of z e in . Z e in  is  m o re  
d e f ic ie n t in  so m e  of th e  e s s e n t ia l  am in o  a c id s ,  n o ta b ly  try p to p h an e  and  
ly s in e ,  w hen c o m p a re d  w ith  p ro te in s  f ro m  o th e r  p a r t s  o f the  k e rn a l .  
T h is  co u ld  r e s u l t  in  a  lo w e rin g  of the  q u a lity  in  h igh  p ro te in  c o rn . 
M itc h e ll ,  H a m ilto n  an d  B e a d le  (43) d e m o n s tra te d  th a t  a s  th e  p ro te in s  
o f c o rn  in c r e a s e d  th e  b io lo g ic a l va lue  of the  p ro te in  d e c re a s e d ;  s u p ­
p le m e n ta tio n  o f the  c o rn  w ith  ly s in e  and  try p to p h a n e  in c r e a s e d  its  
b io lo g ic a l  v a lu e  to  n e a r ly  th a t  of m e a t p ro te in .  T h ey  a lso  show ed
th a t  th e  p ro p o r t io n s  o f try p to p h a n e  and  ly s in e  of c o rn  p ro te in  d e c r e a s e d  
w ith  in c r e a s e  in  co n te n t of p ro te in .  M il le r ,  A u ra n d , an d  F la c h  (42), 
h o w e v e r , w ere  unab le  to  d e te c t  an y  d if fe re n c e s  in  th e  d is tr ib u tio n  of 
ly s in e ,  m e th io n in e , an d  try p to p h a n e  b e tw een  h ig h  an d  low  p ro te in  
c o rn .
(2) W heat. In the  c a se  o f w h ea t, C sonka  (9 , 10), 
h a s  r e p o r te d  c o n s id e ra b le  v a r ia t io n  of am in o  a c id  c o n te n t o f d i f f e r ­
e n t v a r i e t ie s .  M ille r  e t  a l  (41) show ed  th a t  the  n u tr ie n t  v a lu e  of
8
w heat p ro te in  m ay  b e  a ffe c te d  by  e n v iro n m e n t —  th e  e n v iro n m e n ta l 
in flu en ce  w as m a n ife s te d  b y  f lu c tu a tio n s  in  c y s tin e  an d  m e th io n in e  
c o n ten t. M cE lro y  e t  a l (39) p u b lish e d  d a ta  w hich  in d ic a te  th a t  th e r e  
w as a  w ith in  sp e c ie s  v a r ia t io n  6f am in o  a c id  co n te n t w hich  w as m o s t  
e v id e n t fo r  ly s in e , a rg in in e ,  v a lin e , iso le u c in e , an d  h is t id in e .
T h e ir  r e s u l t s  f u r th e r  su g g e s t th a t a s  the to ta l  n itro g e n  in  th e  g r a in  
in c r e a s e s  th e  ly s in e  n itro g e n  d e c r e a s e s .  P r ic e  (49) e x am in ed  fo u r  
v a r ie t ie s  of whole w h e a t fo r  e s s e n t ia l  am ino  a c id s .  H is o b s e rv a tio n s  
a ls o  p o in t to  the  in te re s t in g  f a c t  th a t  a  n u m b e r o f am in o  a c id s ,  n o tab ly  
a rg in in e ,  ly s in e ,  a n d  v a lin e , ten d  to  be  h ig h e r  in  s a m p le s  o f lo w e r  
n i tro g e n  co n ten t.
(3) F o r a g e . E x am in in g  som e of th e  e v id e n c e s  a v a i l ­
ab le  fo r  fo ra g e ,  one n o te s  th a t  T isd a le  and  c o w o rk e rs  (63) r e p o r te d  
th a t  th e  m eth io n in e  a n d  c y s tin e  co n ten ts  of tw o s t r a in s  of a lfa lfa  w e re  
c o r r e la te d  to  the  s u lfa te  co n te n t of th e  m ed iu m . A  d e fin ite  in c r e a s e  
in  the  c o n te n t of th e s e  two am in o  a c id s  w as r e c o rd e d  w hen th e  s u lfa te  
c o n c e n tra tio n  was in c r e a s e d .  S heldon e t  a l  (54), c o r ro b o r a te d  the 
above fin d in g s  by e x p e r im e n ts  w ith su d an  g r a s s  an d  r e p o r te d  th a t  
a p p lic a tio n  o f su lfu r  f lo w e rs  and  m a g n e s iu m  su lfa te  r e s u l te d  in  a n  
in c r e a s e  of m e th io n in e  in r e la t io n  to  to ta l  n i tro g e n . S heldon  e t  a l  (55), 
r e p o r te d  r e s u l t s  o f e x p e r im e n ts  w ith  a lfa lfa , so y b ean , a n d  r e d  to p  
h a y  w hich  su g g e s t t h a t  try p to p h an e  v a r ie d  w id e ly  a c c o rd in g  to  th e
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in o rg a n ic  c o m p o s itio n  ( p a r t ic u la r ly  b o ro n , m a g n e s iu m  and  
m an g an ese ) o f the m ed iu m .
(4) R ic e . I t is  n o t  d e fin ite ly  know n if  any  of 
the above o b s e rv a tio n s  a p p lie s  to  r i c e .  S tu rg is  e t  a l  (60), a t  the  
L o u is ia n a  A g r ic u l tu r a l  E x p e r im e n t S ta tio n  in v e s tig a te d  the in flu en ce  
of v a r ie ty  a n d  f e r t i l i z e r s  on th e  am o u n ts  o f  d if fe re n t f ra c t io n s  of the  
to ta l  p ro te in  in  r ic e .  T h e ir  fin d in g s  su g g e s te d  th a t  (1) th e re  w ere  d if ­
fe re n c e s  in  th e  p ro te in  n itro g e n  due to  s o il  h e te ro g e n ity ; (2) f a c to rs  
w hich  l im i t  n o rm a l g ro w th  o r  y ie ld  su ch  a s  la te  p lan tin g  and  h ig h  
a p p lic a tio n  o f n itro g e n  in  r e la t io n  to  p h o sp h o ru s , in c r e a s e d  the  p e r ­
cen tag e  c o n te n t of r ic e  p ro te in s ;  (3) a p p lic a tio n  of f e r t i l i z e r s  in ­
c r e a s e d  the y ie ld  of r ic e  b u t th e y  d id  no t in c r e a s e  s ig n if ic a n tly  the 
p e rc e n ta g e  o f n itro g e n ; (4) th e  w a te r  so lu b le  f ra c tio n  w as n e g a tiv e ly  
c o r r e la te d  w ith  to ta l  p ro te in  w h e re a s  a lc o h o l so lu b le  and  a lk a li  so lu b le  
p ro te in s  w e re  p o s itiv e ly  c o r r e la te d .  T h e re  was no c o r re la t io n  b e tw een  
s a l t  so lu b le  a n d  in so lu b le  p ro te in  f ra c t io n s  on one h and  and  to ta l  p r o ­
te in  on the  o th e r .
K ik (35) a tte m p te d  a  c o m p a ra tiv e  s tu d y  of the v a r ia t io n  in  
am o u n t of a m in o  a c id s  in  d if fe re n t v a r i e t ie s .  F iv e  A rk a n sa s  v a r ie t ie s ,  
a p p a re n tly  f ro m  the sa m e  lo c a tio n , w ere  c o m p a re d  fo r  c y s tin e , 
try p to p h a n e , ly s in e ,  a rg in in e  and h is t id in e . A c o n s id e ra b le  v a r ia t io n  
in  the  am ino  a c id  c o n te n t o f th e  d if fe re n t v a r ie t ie s  w as r e p o r te d .  In
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an o th e r  e x p e r im e n t d e s ig n e d  to  s tu d y  th e  e f fe c t of f e r t i l i z e r s  on the  
am in o  a c id  c o m p o sitio n , th e  sa m e  a u th o r  h a s  r e p o r te d  th a t  in c r e a s e s  
w e re  n o ted  in  c y s tin e , try p to p h a n e , ly s in e ,  a rg in in e ,  an d  h is tid in e  
c o n te n t o f r ic e  t r e a te d  w ith  s u p e r io r  f e r t i l i z e r s .
The v a r ia t io n  in  the  am ino  a c id  c o m p o s itio n  of th e  sa m e  
v a r ie ty  g ro w n  in  d if fe re n t lo c a tio n s , o r  th e  p a t te rn  of d is tr ib u tio n  
of am in o  a c id s  in  lo w  an d  h igh  n itro g e n  r i c e s ,  do n o t a p p e a r  to  have 
b e en  s tu d ie d . It i s  the  p u rp o se  o f th e  p r e s e n t  in v e s tig a tio n  to  r e -  
e x a m in e i 'm o re  th o ro u g h ly  som e of the  e x is tin g  r e p o r ts  of v a r ia t io n  
am ong  v a r ie t ie s ,  an d  to s tu d y  th e  r e la t io n  of to ta l  n i tro g e n  to  th e  
e s s e n t ia l  am in o  a c id  co m p o sitio n , of r ic e .
M A TERIA LS AND M ETHODS
A . M a te r ia ls
S e v e ra l  v a r ie t ie s  o f r ic e  ( O ry za  sa tiv a )  g row n  in  fo u r d i f f e r ­
en t lo c a tio n s  w e re  u s e d  in  th e  p r e s e n t  s tu d y . A  d e s c r ip t io n  of th e  
s a m p le s  an d  the  s o u rc e s  f ro m  w hich  the  s a m p le s  w ere  o b ta in ed  a r e  
s u m m a r iz e d  in  T ab le  I.
B . M ethods
(a) P r e p a ra t io n  of s a m p le . The ro u g h  r ic e  s a m p le s  w ere  
h u lle d  in  th e  a i r  d r ie d  co n d itio n  b y  u se  of a  M cG ill s a m p le  s h e l le r .  
The b ro w n  r ic e  so o b ta in ed  w as p o lish e d  b y  p a s sa g e  th ro u g h  a  M cG ill 
m i l le r  n u m b e r  3. The s e ttin g  ad o p ted  fo r  th e  s h e l le r  an d  p o lis h e r  is  
in d ic a te d  in  T a b le  II. A ll fo re ig n  m a t te r  w as re m o v e d  f ro m  the  
m il le d  s a m p le s  b y  h an d  p ick in g . R e p re s e n ta tiv e  p o r tio n s  o f th e  
s a m p le s  w e re  f i r s t  g ro u n d  to  p a s s  th ro u g h  20 m e s h .*  T he above 
s a m p le s  w e re  e x tr a c te d  fo r  a p p ro x im a te ly  16 h o u rs  w ith  d ie th y l e th e r  
in  a  S o x h le t .e x tr a c to r .  T he e th e r  e x t r a c te d  s a m p le s  w ere  fu r th e r  
g ro u n d  to  p a s s  th ro u g h  a n  80 m e s h  s ie v e . A ll  s a m p le s  w ere  g iv en  a  
u n ifo rm  tr e a tm e n t .




D e s c r ip tio n  of R ic e  S am p les  U se d  in  th e  P r e s e n t  In v e s tig a tio n
S ta tio n ____________________________________V a r ie ty
R ice  E x p t. S ta . 
C ro w ley . L a . B lu eb o n n e t C e n tu ry M ag n o lia Z e n ith
B r e w e r 's  F a r m  
C ro w ley , L a . B lu eb o n n e t C e n tu ry M agno lia Z e n ith
R ice  B ra n c h  S ta . 
S tu t tg a r t ,  A rk . B lu eb o n n e t C e n tu ry M agno lia Z e n ith
R ic e  P a s tu r e  S ta . 
B e a u m o n t, T ex as B lu eb o n n e t C e n tu ry M agno lia Z e n ith
TA B L E  H
S p e c if ic a tio n s  U sed  fo r  M illin g  to  O btain  B ro w n  and  W hite R ice
V a r ie ty S h e lle r  s e tt in g
P o l is h e r  -  w eigh t 
on th e  a rm R e m a rk s
B lu eb o n n e t 19 1 lb . L ong  g ra in
C e n tu ry  p a tn a 19 1 lb . L ong  g ra in
Z e n ith 23 6 lb s . M ed ium  g r a in
M agno lia 23 6 lb s . M ed ium  g r a in
T he h u llin g  an d  m illin g  w ere  c a r r i e d  o u t in  a c c o rd a n c e  w ith  th e  
s p e c if ic a tio n s  r e c e iv e d  f ro m  th e  U. S .D .A . , P ro d u c tio n  an d  M a rk e tin g  
A d m in is tra t io n , G ra in  B ra n c h , N ew  O r le a n s ,  L o u is ia n a .
13
(b) T o ta l n itro g e n  and  m o is tu r e . The s a m p le s  p r e p a re d  a s  
d e s c r ib e d  above w e re  u s e d  fo r  th e  e s tim a tio n  of totcil n i tro g e n . The 
d e te rm in a tio n  w as c a r r i e d  out b y  the u se  of a  m a c ro k je ld a h l 
a p p a ra tu s  ( P re c is io n  S c ie n tif ic  C om pany). The o ffic ia l K je ld ah l 
G u n n in g -A rn o ld  m e th o d  (46) w as u se d  fo r  d ig e s tio n  of the  s a m p le s .
In the  p r o c e s s  of d is t i l la t io n  the a m m o n ia  was c o lle c te d  in  s a tu ra te d  
b o r ic  a c id  so lu tio n  an d  t i t r a te d  d i r e c t ly  (54, 64), in s te a d  of b a c k  
t i t r a t in g  w ith  a lk a l i  a f te r  a b s o rp tio n  in  known e x c e s s  o f s ta n d a rd  
a c id . E a c h  s a m p le  w as ru n  in  t r i p l i c a t e . D e te rm in a tio n s  w ere  
m ad e  on b ro w n  a s  w ell a s  w hite r i c e .  Two g ra m  sa m p le s  w ere  u se d . 
M o is tu re  d e te rm in a tio n s  w e re  c a r r i e d  o u t on tw o -g ra m  sa m p le s  
w eig h ed  in  a lu m in u m  p a n s . A c c u ra te ly  w eighed  s a m p le s  w ere  h e a te d  
to  c o n s ta n t w eig h t in  an  a i r  oven a t  103-104° C.
(c) P r e l im in a r y  e x p e r im e n ts  to  in v e s tig a te  m e th o d s . A  
p r e l im in a r y  in v e s tig a tio n  w as u n d e rta k e n  to  o b ta in  in fo rm a tio n  r e ­
g a rd in g  th e  o p tim u m  co n d itio n s  fo r  h y d ro ly s is  of r ic e .
1. A c id  h y d ro ly s is .  A  s e r i e s  o f e x p e r im e n ts  w ere  
d e s ig n e d  to  in v e s tig a te  (1) th e  o p tim u m  s tre n g th  of a c id , (2) th e  le n g th  
o f t im e  o f d ig e s tio n  an d , (3) to  d e te rm in e  w h e th e r i t  w as n e c e s s a r y  to  
s e p a ra te  th e  p ro te in s  b e fo re  h y d ro ly s is .
In the  f i r s t  s e r i e s  the  a c id  c o n c e n tra tio n  and  d u ra tio n  of h y ­
d ro ly s is  w e re  v a r ie d .  T he e x p e r im e n t w as re p e a te d  w ith  r ic e  f ro m
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w hich s ta r c h  w as re m o v e d  b y  K ik 's  (34 , 35) p ro c e d u re  o f e x tr a c t io n . 
E ffe c t of v a r ia t io n  of a c id  s tr e n g th  an d  d u ra tio n  of h y d ro ly s is  w e re  
te s te d .  The l ib e ra t io n  of am in o  a c id s  d u rin g  h y d ro ly s is  w as fo llo w ed  
b y  d e te rm in in g  the  f r e e  am ino  n i tro g e n  of th e  h y d ro ly s a te  b y  Van 
S ly k e 's  p ro c e d u re  (59).
2. L ib e ra t io n  of try p to p h a n e . A lk a lin e  h y d ro ly s is  
w ith  so d iu m  h y d ro x id e  a s  w ell a s  e n z y m a tic  p ro c e d u re  w as te s te d .
The e f fe c t  of change o f d u ra tio n  an d  c o n c e n tra tio n  of a lk a l i  on th e  
l ib e ra t io n  of try p to p h a n e  w as a lso  s tu d ie d . The m e th o d s  w e re  c o m ­
p a re d  b y  m ic ro b io lo g ic a lly  a s sa y in g  th e  h y d ro ly s a te s  fo r  try p to p h a n e .
T he o u tlin e  of the  p r e l im in a r y  e x p e r im e n ts  and  th e  r e ­
s u lts  th e re o f  a r e  g iv en  in  A ppend ix  I.
(d) T re a tm e n t  of s a m p le s  fo r  the l ib e ra t io n  of am in o  a c id s .
On th e  b a s is  o f th e  r e s u l t s  of th e  p r e l im in a r y  e x p e r im e n ts  n o ted  
above th e  p ro c e d u re  s c h e m a tic a l ly  r e p r e s e n te d  in  the d ia g ra m s  was 
fo llow ed .
(e) M ic ro b io lo g ic a l a s s a y .  S ta n d a rd  m ic ro b io lo g ic a l  p r o c e ­
d u re s  w ere  u s e d  in  a s sa y in g  fo r  th e  am in o  a c id s  p r e s e n t  in  the  r ic e  
h y d ro ly s a te s .  C e r ta in  in fo rm a tio n  r e g a rd in g  the  m ic ro o rg a n is m s  u s e d , 
the  am in o  a c id s  a s s a y e d , the  m e d iu m  em p lo y ed , e tc .  is  s u m m a r iz e d  in  
T ab le  HI.
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SCHEME 1
S c h e m a tic  r e p re s e n ta t io n  of th e  p ro c e d u re  fo r  a c id  h y d ro ly s is  and  
f u r th e r  t r e a tm e n t .
Two g ra m s  o f r e p re s e n ta t iv e  sa m p le  ( e th e r - e x t r a c te d ,  
g ro u n d  80 m e sh )
A u to c lav e d  a t  15 lb s .  p r e s s u r e  fo r  te n  h o u rs  in  p re s e n c e  
of 2. 5 N HC1, in  a  250 m l g la s s  s to p p e re d  E r le n m e y e r  
f la sk . i
C o n ten ts  coo led ; t r e a te d  w ith  fo u r m l o f 2. 5 M  so d iu m  
a c e ta te  so lu tio n . i
A d ju s te d  to  pH  4 . 8; vo lum e m ad e  up to  100 m l.
i
F i l t e r e d  th ro u g h  s in te r e d  g la s s  funnel ap p ly in g  su c tio n .
1
F i l t r a t e  e x t r a c te d  tw ice  w ith  30 m l of e th y l e th e r .
4.
A liq u o t (50 m l) of th e  h y d ro ly s a te ,  a d ju s te d  to  pH 6. 8; 
vo lum e m ad e  up to  100 m l.
A
P r e s e r v e d  u n d e r to lu en e  in  w e ll- s to p p e re d  125 m l 
E r le n m e y e r  f la s k  a t  r e f r ig e r a t io n  te m p e r a tu r e ;  su ita b ly  
d ilu te d  and  u s e d  fo r  m ic ro b io lo g ic a l  a s s a y  fo r  ly s in e ,  
m e th io n in e , th re o n in e , p h e n y la la n in e , iso le u c in e , le u c in e  
a n d  v a lin e .
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SCHEME 2
S c h e m a tic  re p re se n ta tio n , of e n z y m a tic  h y d ro ly s is  o f r ic e  fo r  l ib e ra t io n  
of try p to p h a n e  .
One g r a m  of r e p re s e n ta t iv e  r ic e  sa m p le  ( e th e r - e x t r a c te d ,  
g ro u n d  80 m e sh ) .
T r e a te d  •with 50 m g . o f p a n c re a t in  (su sp e n d e d  in  10 m l of 
HgO), 25 m g . of W ilson  & Co. hog  m u c o sa  ( su sp e n d e d  in  
20 m l o f H 2O), an d  20 m l o f ^ 0 ,  in  a  125 m l E r le n m e y e r  
f la sk .
pH  of th e  m ix tu re  in i t ia l ly  a d ju s te d  to  8 . 2 -8 . 3; s to p p e re d  
an d  in c u b a te d  a t  37° fo r  72 h o u rs  u n d er to lu en e ; sh ak en  by  
h an d  fiv e  t im e s  a  d ay  d u rin g  the in cu b a tio n ; g iv en  one h o u r 
co n tin u o u s sh ak in g  in  a u to m a tic  s h a k e r  a t  ro o m  te m p e r a tu re ,  
on the  se c o n d  day .
C ooled; pH a d ju s te d  to  6. 8; vo lum e m ad e  up to  200 m l; 
s u sp e n s io n  a llo w ed  to  s e t t le ;  20 m l of s u p e rn a ta n t  m a d e  up 
to  100 m l.
1
P r e s e r v e d  u n d e r  to lu en e  a t  r e f r ig e r a t io n  te m p e r a tu r e  and 
u s e d  fo r  try p to p h a n e  a s s a y .
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1. D ilu tio n s  of h y d ro ly sa te  s .  The h y d ro ly s a te s  w ere  
so  d ilu te d  th a t  th e  am o u n ts  of 1, 2 an d  3 m l u se d  in  th e  a s s a y  fe ll  
w ith in  th e  a s s a y  ra n g e  and , f u r th e r ,  p ro d u c e d  su ff ic ie n t g ra d a tio n s
in  g ro w th  of th e  t e s t  o rg a n is m  b e tw een  m in im u m  g ro w th  and  m a x im u m  
p o s s ib le  g ro w th . The sch em e  is  fu rn is h e d  in  A ppendix  III.
2. B a s a l  m e d ia . The b a s a l  m e d ia  re c o m m e n d e d  b y  
B a r to n -W rig h t  (3 , 4 , 5) w ere  u se d . T he m e d iu m  fo r  e a c h  am ino  
a c id  w as p r e p a re d  in  one lo t  an d  w as u s e d  w ith in  a  to ta l  p e r io d  of 
fo u r  to  se v e n  d a y s . D u rin g  th is  p e r io d  the m e d ia  w ere  p r e s e r v e d  a t  
r e f r ig e r a t io n  te m p e r a tu re  a f te r  an  in i t ia l  s te r i l iz a t io n  fo r  te n  m in u te s  
a t  15 p o u n d s. • T he p re p a ra t io n  of the  s to c k  so lu tio n s  an d  the  c o m ­
pounding  of the  m e d ia  w ere  c a r r i e d  o u t e x a c tly  a c c o rd in g  to  th e  
d i re c t io n s  g iven  in  th e  r e f e r e n c e s  quo ted  above .
3. P r e p a ra t io n  o f in o cu lu m . A c tiv e ly  g row ing  c u l­
tu r e s  t r a n s f e r r e d  tw ice  im m e d ia te ly  b e fo re  u se  w ere  u s e d  fo r  the 
p r e p a ra t io n  of in o cu lu m . The s to ck  c u l tu re s  w ere  m a in ta in e d  in  
y e a s t  e x tr a c t-g lu c o s e  a g a r  (one p e r  c e n t y e a s t  e x t r a c t ,  one p e r  '.cent 
g lu c o se , 1. 5 p e r  c en t a g a r  and  0. 6 p e r  c e n t so d iu m  a c e ta te ) .  The 
m e d iu m  u se d  in  p re p a r in g  th e  in o cu lu m  w as y e a s t - e x t r a c t  so d iu m  
a c e ta te  b ro th  (one p e r  c e n t y e a s t  e x t r a c t ,  one p e r  c e n t g lu co se  and  
0 . 6 p e r  c e n t so d iu m  a c e ta te ) .  The r e s t  of th e  p ro c e d u re  w as e x a c tly  
th e  sa m e  as  th a t  re c o m m e n d e d  b y  B a r  to n -W rig h t (3 , 4 , 5).
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TABLE HI
T ab le  o f O rg a n ism s  U sed  an d  A m ino  A c id s  A s sa y e d
A m ino a c id
M ic ro -o rg a n is m
u sed * M edium In cu b a tio n
L y c in e L e u c o n o s to c  
m e s e n te ro id e s  
P . 60
B a r to n -  W righ t 
(4) (5)
3(?, 72 h r  s .
P h en y la la n in e L e u co n o s to c  
m e s e n te ro id e s  
P . 60
B a r to n -W rig h t  
(4) (5)
30° 72 h r  s .
Iso le u c in e L a c to b a c il lu s
a ra b in o s u s
1 7 /5
B a r  to n  - W r ig h t 
(4) (5)
3tf? 72 h r s .
L e u c in e L a c to b a c il lu s
a ra b in o s u s
17 /5
B a r to n -W rig h t  
(4) (5)
3(fi 72 h r s .
V aline L a c to b a c il lu s
a ra b in o s u s
1 7 /5
B a r to n -W rig h t  
(4) (5)
3(P, 72 h r s .
T ry p to p h an e L a c to b a c il lu s
a ra b in o s u s
17 /5
B a r to n -W rig h t  
(3) (5)
3(P, 72 h r s .
M eth ion ine L a c to b a c il lu s
f e rm e n ti i
B a r to n -W rig h t 
(3) (5)
37° 72 h r s .
T h reo n in e S tre p to c o c c u s  
f a e c a l is  
( la c t is  R o g e rs )
G re e n h u t e t  a l ,  
(17)
B a r to n -W rig h t
(5)
3 (P, 72 h r s .
* A ll the o rg a n is m s  u s e d  w ere  o b ta in e d  f ro m  the  A m e r ic a n  Type 
C u ltu re  c o lle c tio n , W ash ing ton , D . C.
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4 . A s s a y  p r o c e d u r e . S ta n d a rd  a s s a y  p ro c e d u re s  
re c o m m e n d e d  b y  B a r to n -W rig h t (3 , 4 , 5) w e re  u se d .
T he b a s a l  m ed iu m , d e f ic ie n t in  a  s in g le  am ino  a c id  to  
b e  a s s a y e d , w as p r e p a re d  a t  tw ice  i t s  f in a l c o n c e n tra tio n . S am p les  
in  p ro p e r  d ilu tio n s  w ere  ad d ed  to  a  s e r i e s  of P y re x  t e s t  tu b e s  (18 x  
150 m m ). C o n ten ts  of a l l  tu b e s  w ere  d ilu te d  w ith  w a te r  to  five m l; 
an d  an  eq u a l vo lum e o f m ed iu m  w as ad d ed . The tu b e s  w e re  th en  
cap p ed , p r o p e r ly  s te r i l i z e d  fo r  te n  m in u te s  a t  15 pounds of p r e s s u r e ,  
c o o led , an d  in o c u la te d  w ith  one d ro p  of a  s u sp e n s io n  of th e  t e s t  
o rg a n is m  p re p a re d  f ro m  an  a c t iv e ly  g row ing  c u ltu re .  T he a s s a y  
tu b e s  w e re  in c u b a ted  fo r  72 h o u rs  a t  a  c o n s ta n t te m p e r a tu re  n e a r  
th e  o p tim u m  te m p e r a tu re  o f the  t e s t  o rg a n ism . (T ab le  in).
A lu m in u m  cap s  w ere  u s e d  in s te a d  of co tto n  p lu g s . The 
m ed iu m  w as d e l iv e re d  b y  m e a n s  of e i th e r  a  b u re t te  o r  10 m l M ohr 
p ip e tte .  The in o cu lu m  w as ad d ed  f ro m  a  10 m l s te r i l e  sy r in g e  w ith  
a  c a n u la  a tta c h m e n t. D u p lic a te s  w e re  s e t  up a t  e a c h  c o n c e n tra tio n  
le v e l .
T he g ro w th  re sp o n s e  w as m e a s u re d  in  te r m s  of th e  a c id  
p ro d u c e d  d u rin g  fe rm e n ta tio n . The co n te n ts  of the  fe rm e n te d  tu b e s  
w e re  c a re fu l ly  t r a n s f e r r e d  to  a  250 m l b e a k e r  u s in g  100 m l of d i s ­
t i l l e d  w a te r .  The co n ten ts  w ere  t i t r a t e d  a g a in s t  e i th e r  0. 1 N o r  0 . 2 
N NaOH u sin g  a  s ta n d a rd iz e d  pH m e te r  w ith  g la s s  e le c tro d e  a s  in d ic a to r .  
A ll s a m p le s  an d  s ta n d a rd s  w ere  t i t r a t e d  to  pH  7.
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5. S ta n d a rd  c u rv e  a n d  c a lc u la tio n s . S ta n d a rd  c u rv e s  
w ere  o b ta in e d  b y  th e  sa m e  a s s a y  p ro c e d u re  m e n tio n e d  e a r l i e r .  T he 
in c re a s in g  c o n c e n tra tio n s  o f th e  s ta n d a rd  am ino  a c id s  u s e d  an d  th e  
a s s a y  r a n g e , a r e  g iv en  fo r  e a c h  am in o  a c id  in  A p p en d ix  IV.
T r ip l ic a te s  w e re  r im  a t  e a c h  c o n c e n tra tio n  le v e l .  A  
s ta n d a rd  c u rv e  w as s e t  up  w ith  e a c h  b a tc h  of s a m p le s .
T he s ta n d a rd  c u rv e  w as e s ta b l is h e d  b y  p lo ttin g , in  a  
g r e a t ly  m a g n if ie d  s c a le ,  lo g  do se  in  ug . a g a in s t  lo g  r e s p o n s e  in  m l 
o f a lk a li .  G ra p h  s h e e ts  o f s iz e  32" b y  20" w ere  u sed . The lo g  of 
the  ug . o f th e  am in o  a c id  in  th e  s a m p le  w as r e a d  off b y  in te rp o la tin g  
th e  lo g  o f th e  c o r re s p o n d in g  g ro w th  r e s p o n s e .  T h is  v a lu e  w as c o n ­
v e r te d  to  th e  a n tilo g  to  g ive th e  ug . of th e  am ino  a c id  in  the  tu b e . 
W hen DL. r a c e m ic  m ix tu re s  o f the  am in o  a c id s  w ere  u s e d  a s  the  
s ta n d a rd ,  h a lf  th e  am o u n t o f th e  DJL am in o  a c id  p r e s e n t  a t  e a c h  
c o n c e n tra tio n  le v e l  w as u s e d  fo r  p lo ttin g  the  log  d o se .
T he m e a n  o f the  s ix  v a lu e s  f ro m  th e  s ix  a s s a y  tu b es  
w as u s e d  to  r e p o r t  th e  a m o u n t of am in o  a c id  p r e s e n t  in  th e  r ic e  
s a m p le .
RESU LTS AND DISCUSSIONS
The d a ta  fo r  the  ly s in e ,  m e th io n in e , th re o n in e , p h en y la lan in e , 
iso le u c in e , le u c in e , va line  and  try p to p h a n e  co n ten t o f 32 s a m p le s  of 
r ic e  a r e  p re s e n te d  in  T a b le s  V, VI, VII, VIII, IX, X , XI, a n d  XU.
The r e p o r t  c o v e rs  fo u r  lo c a tio n s  an d  fo u r v a r ie t ie s ,  an d  r e p r e s e n ts  
a n a ly s is  of b o th  b ro w n  r ic e  an d  w hite r i c e .  The r e s u l t s  a re  e x ­
p r e s s e d  b o th  on p e r  c e n t w eig h t b a s is  and  on the  b a s is  of the am o u n t 
of am in o  a c id  co n ta in ed  in  th a t  q u an tity  of r ic e  w hich  co n ta in s  16 
g ra m s  of n itro g e n . The am o u n t of e a c h  am in o  a c id  w as d e te rm in e d  
in  d u p lic a te  s a m p le s ;  s ix  tu b e s  r e p re s e n t in g  th re e  c o n c e n tra tio n  
le v e ls  w ere  s e t  up fo r  e ac h  a s s a y .  E a c h  of th e  v a lu e s  in  the ta b le  
th u s  r e p r e s e n ts  an  a v e ra g e  of tw elve  a s s a y  tu b e  v a lu e s .
E x a m in a tio n  of the  ta b le s  r e v e a ls  th a t  the  to ta l  v a r ia t io n  in  
e a c h  of the am ino  a c id s  s tu d ie d  can  be r e p re s e n te d  b y  the r a n g e  g iven  
in  T ab le  IV. It m a y  be  s e e n  th a t th e re  is  a  c o n s id e ra b le  v a r ia t io n  in  
r ic e  a s  a  c la s s  w ith  r e s p e c t  to  e a c h  of the  am in o  a c id s  d e te rm in e d .
A s ta t i s t i c a l  ex a m in a tio n  of th e  v a r ia t io n  in d ic a te d  th a t  the o b s e rv e d  
d if fe re n c e s  w ere  s ta t i s t i c a l ly  s ig n if ic a n t. A  ty p ic a l ex am p le  o f the 
a n a ly s is  of th e  v a r ia n c e  ta b le  is  g iv en  in  A ppendix  VI. A c lo s e r  in ­
sp e c tio n  of th e  ta b le s  show s th a t  th e re  is  w ide v a r ie ta l  d if fe re n c e s  
in  th e  co n ten t of a l l  th e  am in o  a c id s  te s te d .  T h is  is  in  a g re e m e n t
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TABLE IV
R ange of V a r ia tio n  in  A m ino A c id s  of B ro w n  an d  W hite R ice  of F o u r
V a r ie t ie s  G row n  a t  F o u r  L o c a tio n s
A m ino a c id
B ro w n  r ic e W hite r ic e
W eight*
b a s is
N itro g e n *
b a s is
W eight
b a s is
N itro g e n
b a s is
L y s in e 0 .2 5 5 - 2 .9 3 - 0 .2 0 8 - 2 .8 2 -
0 .5 3 9 4 . 65 0. 363 4 .2 4
M eth ion ine 0 .0 7 7 - 0. 83 - 0 .0 6 3 - 0 .8 8 -
0. 140 1 .43 0. 126 1 .4 5
T h reo n in e 0 .2 2 7 - 2 .7 1 - 0 .2 0 5 - 2 .7 1 -
0. 369 4. 17 0. 345 4 .4 3
P h en y la la n in e 0. 319- 3 .8 2 - 0 .2 9 1 - 3 .7 5 -
0 .4 6 8 6 .2 5 0 .4 0 7 6 .3 4
Iso le u c in e 0 .2 7 9 - 3. 12- 0 .2 3 3 - 3 .2 6 -
0 .4 3 9 4. 68 0 .4 2 1 5. 11
L e u c in e 0 .5 3 9 - 6. 86- 0 .4 4 2 - 6 .7 9 -
0 .9 2 4 9 .2 3 0 .8 7 2 10 .00
V aline 0 .4 4 1 - 5 .2 9 - 0 .4 0 8 - 5 .8 6 -
0. 743 7 .7 2 0 .6 8 8 - 8. 13
T ry p to p h an e 0. 199- 1 .8 3 - 0. 113- 1 .5 6 -
0. 218 2 .6 4 0 .2 2 9 2 .8 5
* W eight b a s is  = E x p r e s s e d  a s  g ra m s  of am in o  a c id  p e r  100 g ra m s
of m o i s tu r e - f r e e ,  f a t - f r e e  r ic e .
N itro g e n  b a s is  = E x p r e s s e d  a s  g ra m s  of am in o  a c id s  on the  b a s is
of 16 g ra m s  of to ta l  n itro g e n  in  th e  s a m p le .
TABLE V
L ysine  C ontent of Brown, and "White R ice  of F o u r V a rie tie s  Grown
a t F o u r L oca tions
S ta tio n M illin g
B lu eb o n n et C e n tu ry M agno lia Z e n ith
W eight* N itro g en *  W eight 
b a s is  b a s is  b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
E x p e r im e n ta l B ro w n 0 .3 4 0 4 . 10 0 ,3 7 7 4 .3 8 0 .3 9 3 3 .9 7 0 .3 3 4 3 .7 3
S ta tio n , C ro w ley "White 0. 296 3 .8 2 0 .3 0 3 4 .2 4 0 .3 4 5 3 .6 8 0. 279 3 .7 2
B r e w e r 's  F a r m , B ro w n 0 .3 8 6 4 .0 2 0 .4 0 0 3 .9 6 0 .3 5 3 4 .0 0 0 .3 5 9 3 .5 9
C ro w ley W hite 0 .3 3 3 3 .9 4 0 .3 6 3 3 .7 6 0. 312 3 .9 5 0 .3 2 5 3 .7 3
S tu ttg a r t , B ro w n 0 .2 7 1 4 .3 3 0 .3 2 3 4 .5 5 0 .539 4 .6 5 0 .339 4 .2 1
A rk a n sa s W hite 0 .2 1 8 4 . 15 0 .2 6 3 4 .1 5 0 .2 7 5 4 .2 2 0 .2 7 6 3 .5 7
B ea u m o n t, B ro w n 0 .2 5 5 2 .9 3 0 .3 7 3 3 .9 1 0 .2 8 1 2 .9 5 0 .2 7 6 3 . 18
T ex as W hite 0. 208 2 .8 2 0 .3 0 6 4 .0 5 0 .2 2 7 2 .7 6 0 .2 4 1 3 .2 2
* W eight "basis = E x p re s s e d  a s  g ram s of am ino a c id  p e r  100 g ra m s  of m o is tu re - f r e e , f a t - f r e e  r ic e .
N itrogen  b a s is  = E x p re s s e d  a s  g ra m s of am ino ac id s on the  b a s is  of 16 g ram s of to ta l n itro g e n  in
the sam p le .
TABLE VI
M ethionine C ontent o f B row n and  White R ice  of F o u r V a rie tie s  Grow n
a t F o u r L oca tions
S ta tio n M illin g
B lu eb o n n e t C e n tu ry M ag n o lia Z e n ith
W eight* N itro g en *  
b a s is  b a s is
W eight
b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
E x p e r im e n ta l B ro w n 0 .0 8 4 1 .0 2 0 .0 7 8 0 .9 1 0 .0 8 3 0 .8 3 0 .0 7 7 0 .8 6
S ta tio n , C ro w ley W hite 0 .0 7 9 1. 02 0 .0 6 3 0 .9 3 0 .0 8 1 0 .8 8 0. 075 0 .9 8
B r e w e r 's  F a r m , B ro w n 0. 135 1 .40 0. 140 1.39 0 .1 0 9 1 .23 0. 132 1 .3 2
C ro w ley W hite 0. 118 1 .3 8 0. 119 1 .39 0 .1 0 2 1 .30 0 .1 2 6 1 .4 5
S tu ttg a r t , B ro w n 0 ,0 8 2 1. 10 0 ,0 9 0 1 .2 2 0 .0 8 0 1 .1 5 0 .0 8 1 1 .1 7
A rk a n sa s W hite 0 .0 7 5 1 .19 0 .0 6 7 1 .0 6 0 .0 7 1 1.09 0 .0 7 1 1 .0 7
B ea u m o n t, B ro w n 0 .0 9 5 1 .09 0 .0 9 3 0 .9 9 0 .129 1 .33 0. 124 1 .4 3
T ex as W hite 0 .0 9 0 1 .2 1 0 .079 1 .0 5 0 .1 0 8 1 .3 1 0 .0 9 6 1 .2 7
* W eight b a s is  = E x p re s s e d  a s  g ram s of am ino a c id  p e r  100 g ram s of m o is tu re - f re e ,  f a t - f r e e  r ic e .
N itrogen  b a s is  = E x p re s s e d  a s  g ram s of am ino ac id s on the b a s is  of 16 g ram s of toted n itro g e n  in
the sam p le .
TABLE VH
T hreon ine  C ontent of B row n and  "White R ice  of F o u r V a rie tie s  Grow n
a t F o u r L oca tions
S ta tio n M illing
B lu eb o n n e t C e n tu ry M ag n o lia Z e n ith
W eight* N itro g en *  
b a s is  b a s is
W eight
b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
E x p e r im e n ta l B ro w n 0. ?,T7 2 .7 1 0 .2 6 3 3 .0 3 0 .3 1 7 3 .2 0 0 .3 0 2 3 .3 8
S ta tio n , C ro w ley W hite 0 .2 1 3 2 .7 5 0 .2 2 4 3 .1 3 0 .2 5 4 2 .7 1 0 .249 3 .2 7
B r e w e r 's  F a r m , B ro w n 0.369 3 .8 4 0 .3 4 4 3 .4 0 0 .309 3 .4 9 0 .3 6 6 3 .6 0
C ro w ley W hite 0 .3 4 5 4 .0 9 0 .3 0 3 3 .5 4 0.279 3 .5 7 0 .3 3 7 3 .8 1
S tu ttg a r t , B ro w n 0. 268 3. 62 0 .2 9 5 3 .9 5 0. 304 4 . 17 0 .2 8 9 3 .9 3
A rk a n sa s W hite 0 .2 0 5 3 .2 4 0 .2 8 1 4 .4 3 0 .2 3 6 3 .6 2 0 .2 3 7 3 .8 8
B eau m o n t, B ro w n 0. 253 2 .9 1 0 .3 3 8 3 .5 4 0. 331 3 .4 7 0 .3 3 5 3. 86
T ex as W hite 0. 226 3 .0 4 0 .3 1 5 4. 17 0 .2 6 8 3 .2 5 0 .3 0 0 4 .0 1
* W eight b a s is  -  E x p re s s e d  a s  g ra m s of am ino ac id  p e r  100 g ram s of m o is tu re - f r e e , f a t- f re e  r ic e .
N itrogen  b a s is  = E x p re s s e d  a s  g ram s of am ino acids on the  b a s is  of 16 g ram s of to ta l  n itro g e n  in
the sam p le .
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TABLE V m
P henylalan ine C ontent of B row n and  "White R ice  of F o u r  V a rie tie s  G row n
a t F o u r L oca tions
S ta tio n M illin g
B lu eb o n n et C e n tu ry M ag n o lia Z e n ith
W eight*  N itro g e n *  
b a s is  b a s is
W eight
b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
E x p e r im e n ta l B ro w n 0 .3 1 9 3 .8 2 0 .3 8 1 4 .4 2 0 .4 2 6 4 .2 9 0 .3 9 5 4 .4 2
S ta tio n , C ro w ley W hite 0 .2 9 1 3 .7 5 0 .3 4 4 4 .8 1 0 .3 8 0 4 .5 6 0 .3 3 8 4 .4 2
B r e w e r ’s F a r m , B ro w n 0 .4 3 2 4 .3 6 0 .4 2 0 4 . 15 0 .4 1 8 4 .7 6 0 .4 3 5 4 .3 5
C ro w ley W hite 0 .3 8 7 4. 58 0 .3 8 5 4 .5 2 0 .3 8 6 4. 89 0 .4 0 0 4 .5 9
S tu ttg a r t , B ro w n 0 .3 9 5 5 .3 5 0 .4 6 7 6 .2 5 0 .3 4 7 4 .7 6 0 .4 5 1 6 .1 3
A rk a n s a s W hite 0 .3 5 9 5 .6 9 0 .4 0 7 6 .3 4 0 .3 1 5 4 .8 2 0 .3 1 1 5 .0 9
B ea u m o n t, B ro w n 0 .4 0 5 4 . 66 0 .4 6 8 4 .9 0 0 .4 1 3 4 .3 9 0 .3 8 1 4 .3 9
T ex as W hite 0 .3 8 4 5 .1 9 0 .3 9 8 5 .2 7 0 .3 8 4 4 . 66 0 .3 3 9 4 .5 2
* W eight b a s is  = E x p r e s s e d  a s  g ra m s  of am ino  a c id  p e r  100 g ra m s  of m o is tu r e - f r e e ,  f a t - f r e e  r i c e .
N itro g e n  b a s is  = E x p r e s s e d  a s  g ra m s  of am ino  a c id s  on th e  b a s is  of 16 g ra m s  of to ta l  n i tro g e n  in
th e  s a m p le .
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TABLE IX
Iso leucine  Content of B row n and White R ice  of F o u r V a rie tie s  Grow n
a t  F o u r L ocations
S ta tio n M illin g
B lu eb o n n et C e n tu ry M agno lia Z e n ith
W eight* N itro g e n *  
b a s is  b a s is
W eight
b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
E x p e r im e n ta l B ro w n 0 .2 7 9 3 .3 8 0 .289 3 .3 6 0 .341 3 .4 4 0 .2 8 8 3. 12
S ta tio n , C ro w ley W hite 0 .2 5 3 3. 26 0. 247 3 .4 7 0 .3 2 0 3 .4 0 0 .2 6 2 3 .4 3
B r e w e r 's  F a r m , B ro w n 0 .3 9 1 4 .0 6 0 .3 8 1 3 .8 2 0 .4 0 4 4 .5 7 0 .3 9 8 3 .9 7
C ro w ley W hite 0 .3 6 8 4 .3 5 0 .3 4 8 4 .0 8 0 .3 8 0 4 .8 1 0 .3 8 3 4 .4 2
S tu ttg a r t , B ro w n 0 .3 1 0 4 .1 9 0 .3 3 1 4 .4 3 0 .2 9 8 4 .0 9 0 .2 7 9 3 .7 9
A rk a n sa s W hite 0 .2 9 0 4 . 60 0 .3 0 4 4 .8 1 0 .2 8 6 4 .3 7 0 .2 3 3 3 .8 1
B eau m o n t, B ro w n 0 .3 7 3 4 .2 8 0 .3 7 3 3 .9 1 0 .439 4 .6 1 0 .4 0 6 4 .6 8 .
T ex as W hite 0 .3 3 3 4 .5 0 0 .3 3 1 4 .3 8 0 .4 2 1 5 .1 1 0 .3 8 0 5 .0 7
* W eight b a s is  -  E x p re s s e d  a s  g ram s of am ino a c id  p e r  100 g ra m s of m o is tu re - f r e e , fa t- f r e e  r ic e .
N itrogen  b a s is  = E x p re s s e d  a s  g ra m s of am ino ac id s on the b a s is  of 16 g ram s of to ta l  n itro g e n  in




L eucine  C ontent of B row n and White R ice  of F o u r V a rie tie s  Grow n
a t F o u r L oca tions
S ta tio n M illing
B lu eb o n n e t C e n tu ry M ag n o lia Z en ith
W eight* N itro g en *  
b a s is  b a s is
W eight
b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
E x p e r im e n ta l B ro w n 0 .5 6 7 6 .8 6 0. 652 7 .5 7 0 .7 2 1 7 .2 7 0. 664 7 .4 1
S ta tio n , C ro w ley W hite 0 .5 2 2 6 .7 4 0 .5 8 2 8 .1 5 0. 683 7 .2 9 0 .5 9 2 7 .7 8
B r e w e r ’s F a r m , B ro w n 0 .8 2 3 8 .5 0 0 .8 7 2 8 .6 8 0 .8 1 4 9 .2 3 0 .9 2 4 9 .2 2
C ro w ley W hite 0 .7 7 3 9 .0 7 0 .7 8 8 9 .2 1 0 .7 7 7  • 9 .3 4 0 .8 7 2 10 .00
S tu ttg a r t , B ro w n 0 .6 2 2 8 .4 4 0 .5 8 7 7 .8 5 0 .5 3 9 7 .4 0 0 .5 4 9 7 .4 6
A rk a n sa s W hite 0 .5 6 6 8 .9 7 0 .5 2 3 8 .2 5 0 .4 4 8 8 .8 6 0 .5 0 1 8 .2 0
B eau m o n t, B ro w n 0. 656 7 .5 5 0 .6 7 7 7. 10 0 .6 9 0 7 .2 5 0. 621 7. 16
T ex as W hite 0 .5 9 6 8 .0 3 0. 633 8 .3 8 0. 627 7. 61 0 .5 8 6 7 .8 2
* W eight b a s is  = E x p re s s e d  as g ra in s  of am ino a c id  p e r  100 g ram s of m o is tu re - f re e , fa t- f r e e  r ic e .
N itrogen  b a s is  = E x p re s s e d  a s  g ram s of am ino ac id s  on the b a s is  of 16 g ra m s of to ta l n itro g e n  in




V aline Content of B row n and  White R ice  of F o u r V arieties! G row n
a t F o u r L oca tions
S ta tio n M illing
B lu eb o n n e t C e n tu ry M ag n o lia Z e n ith
W eight*  N itro g e n *  
b a s is  b a s is
W eight
b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
E x p e r im e n ta l B ro w n 0 .5 5 6 6 .7 2 0 .5 7 4 6 .6 6 0. 656 6 .6 1 0 .5 9 3 6 .6 2
S ta tio n , C ro w ley W hite 0. 511 6 .59 0 .4 8 2 6 .7 4 0 .609 6 .5 5 0 .5 5 3 7 .2 5
B r e w e r 's  F a r m , B ro w n 0 .7 4 3 7 .7 2 0 .6 8 8 6 .8 4 0 .6 2 4 7 .0 8 0 .6 9 1 6 .8 9
C ro w ley W hite 0. 688 8 .1 3 0. 603 7 .1 0 0. 602 7. 63 0 .6 6 4 7. 61
S tu t tg a r t , B ro w n 0 .5 1 6 6 .99 0 .4 4 1 5 .9 0 0 .5 3 0 7 .2 7 0 .4 9 5 6 .7 2
A rk a n s a s W hite 0 .4 4 0 6 .9 7 0 .4 0 8 6 .4 4 0 .4 9 2 7 .5 3 0 .4 2 5 6 .9 6
B ea u m o n t, B ro w n 0 .5 5 0 6 .3 3 0 .5 0 5 5 .2 9 0. 613 6 .4 4 0 .5 0 6 5 .8 9
T e x as W hite 0 .5 0 7 6 .8 3 0 .4 3 8 5 .8 6 0 .5 6 0 6 .7 9 0 .4 7 5 6 .3 4
* W eight b a s is  = E x p re s s e d  a s  g ra m s of am ino ac id  p e r  100 g ram s of m o is tu re - f re e , fa t- f r e e  r ic e .
N itrogen  b a s is  = E x p re s s e d  a s  g ram s of am ino ac id s  on the b a s is  of 16 g ram s of to ta l  n itro g e n  in
the sam p le .
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TABLE XH
T ryptophane C ontent of B row n and W hite B ice  of F o u r V a rie tie s  Grow n
a t F o u r L ocations
S ta tio n M illin g
B lu eb o n n et C e n tu ry M agno lia Z e n ith
W eight* N itro g e n *  
b a s is  b a s is
W eight
b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
W eight
b a s is
N itro g e n
b a s is
E x p e r im e n ta l B ro w n 0 .1 5 2 1 .8 3 0 .1 6 7 1 .9 4 0. 173 1 .7 4 0 .159 1 .78
S ta tio n , C ro w ley W hite 0 .1 3 4 1 .7 2 0. 144 2 .0 3 0. 142 1 .5 6 0 .1 4 0 1 .8 4
B r e w e r 's  F a r m , B ro w n 0 .2 1 8 2 .2 7 0. 190 1 .88 0. 187 2. 12 0. 196 1 .9 6
C ro w ley W hite 0. 170 2 .0 1 0. 168 1 .9 7 0 .1 4 6 1 .8 5 0 .1 5 1 1 .7 3
S tu ttg a r t , B ro w n 0. 144 1 .9 5 0 .1 9 7 2. 64 0. 189 2 .6 0 0 .1 5 3 2 .1 3
A rk a n s  a s W hite 0 .1 1 3 1 .8 0 0 .1 8 1 2 .8 5 0 .1 5 0 2 .29 0 .1 3 8 2 .2 7
B ea u m o n t, B ro w n 0. 184 2 .1 2 0.2Q 4 2. 14 0 .2 0 0 2 .1 0 0 .1 8 1 2 .0 8
T ex as W hite 0. 174 2 .3 4 0 .1 6 0 2 .2 2 0 .1 7 2 2 .0 8 0, 157 2 .0 9
* W eight b a s is  = E x p re s s e d  a s  g ra in s  of am ino a c id  p e r  100 g ra m s  of m o is tu re - f re e , fa t- f re e  r ic e .
N itrogen  b a s is  = E x p re s s e d  a s  g ram s of am ino ac id s on the b a s is  of 16 g ram s of to ta l n itro g e n  in
the sam p le .
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TABLE X n i
N itrogen  C ontent of B row n and White R ice  of F o u r V a rie tie s  G row n
a t F o u r L ocations
S ta tio n M illin g
B lu eb o n n et C e n tu ry M ag n o lia Z e n ith
N itro g e n  
p e r  c en t
P r o te in  
p e r  c e n #
N itro g e n  
p e r  c e n t
P r o te in  
p e r  c e n t
N itro g e n  
p e r  c e n t
P r o te in  
p e r  c e n t
N itro g e n  
p e r  c e n t
P r o te in  
p e r  c e n t
E x p e r  im e n ta l B ro w n 1 .3 2 7 .8 8 1 .38 8 . 20 1 .5 8 9 .4 3 1 .4 3 8 .5 2
S ta tio n , C ro w ley W hite 1 .2 4 7 .3 8 1. 14 6 .8 1 1.49 8 .9 1 1 .2 2 7 . 2 6
B r e w e r 's  F a r m , B ro w n 1 .5 4 9. 16 1. 62 9 .6 3 1 .4 1 8 .4 0 1. 60 9 .5 4
C ro w ley W hite 1 .3 5 8 .0 6 1 .3 7 8. 14 1 .2 6 7 .5 3 1 .39 8 .3 0
S tu ttg a r t , B ro w n 1. 18 7 .0 4 1 .2 0 7 .1 1 1 .1 6 6 .9 5 1 .1 7 7 .0 1
A rk a n sa s W hite 1 .0 1 6 .0 1 1 .0 4 6 .2 0 1 .0 4 6 .2 3 0 .9 7 5 .8 1
B ea u m o n t, B ro w n 1 .39 8 .2 1 1 .5 2 9 .0 9 1 .5 2 9 . 64 1 .38 8 .2 0
T ex as W hite 1 .19 7 .0 8 1 .2 1 7 .1 6 1 .3 2 7 .8 5 1.19 7 .1 2
* P r o te in  p e r  c e n t = N itro g e n  p e r  cen t x  5. 95.
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w ith  th e  o b s e rv a tio n s  of K ik (34 , 35) who h ad  n o ted  th a t  c y s tin e , 
try p to p h a n e , ly s in e ,  a rg in in e ,  an d  h is t id in e  v a ry  w id ely  in  d if fe re n t 
v a r ie t ie s  g ro w n  a t  th e  s a m e  s ta t io n . D efin ite  in fo rm a tio n  re g a rd in g  
su c h  v a r ia t io n  w as n o t h o w ev er a v a ila b le  fo r  th re o n in e , m e th io n in e , 
p h e n y la la n in e , iso le u c in e , le u c in e ,  and  v a lin e .
A s id e  f ro m  th e  v a r ia t io n  of d if fe re n t v a r ie t ie s  a t  th e  sam e  
lo c a tio n  th e r e  is  a ls o  c o n s id e ra b le  v a r ia t io n  in  th e  c o n te n t of the 
e ig h t am in o  a c id s  in  th e  sa m e  v a r ie ty  w ith  r e s p e c t  to  d if fe re n t lo c a ­
t io n s .  T h is  m a y  b e  in te r p r e te d  to  m e a n  th a t  th e  e n v iro n m e n t e x e r ts  
c o n s id e ra b le  in flu en c e  on th e  am in o  a c id  co n ten t in  r ic e .  The 
M is s o u r i  g ro u p  of w o rk e rs  (54 , 55), hav e  c o n s is te n tly  c la im e d  th a t  
m e th io n in e , ly s in e  a n d  try p to p h an e  in  c e r ta in  fo ra g e  c ro p s  cou ld  be 
e f fe c tiv e ly  in c r e a s e d  b y  a d d itio n  of b o ro n  to  the  m ed iu m . T h is  g ro u p  
of w o rk e rs  hav e  p u t f o rw a rd  a  h y p o th e s is  th a t  m ic ro n u tr ie n ts  p la y  an  
im p o r ta n t  ro le  in  am in o  a c id  an d  p ro te in  s y n th e s is .  A  n u m b e r  of o th e r  
e n v iro n m e n ta l f a c to r s  s u c h  a s  c l im a te ,  c o m p o s itio n  of th e  s o il  and  
o th e r  f a c to r s  m a y  a f fe c t  the  am in o  a c id  co n ten t in  c r o p s .  The g en e tic  
p a t te r n  o f the  v a r ie ty  m a y b e  a  f a c to r  in  the  d if fe re n c e s  o b s e rv e d  in  
am in o  a c id  c o n ten t am ong  d if fe re n t v a r ie t ie s  a t  the  sa m e  lo ca tio n . 
S tu rg is  e t  a l  (60) h a d  n o te d  th a t  th e re  i s  a  v a r ie ta l  d iffe re n c e  in  r ic e  
a s  r e g a r d s  the  d is tr ib u tio n  of w a te r  so lu b le , a lco h o l so lu b le  and  
a lk a li  so lu b le  p r o te in  f r a c t io n s .  T h is  v a r ia t io n  m a y  be a  fa c to r  th a t
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can  c a u se  th e  o b s e rv e d  v a r ia t io n  in  am in o  a c id  c o m p o s itio n . In th is  
co n n ec tio n  i t  i s  in te re s t in g  to  no te  th a t  th e  p ro te in  c o n te n t o f r ic e  
v a r ie s  f ro m  y e a r  to  y e a r  ev en  w ith  r e s p e c t  to  the  sa m e  v a r ie ty  g ro w n  
a t the  sam e  lo c a tio n . The p ro te in  co n te n t r e p o r te d  b y  S tu rg is  e t  a l 
(60) f o r  the  1950 r ic e  c ro p  grow n a t  th e  C ro w ley  S ta tio n  is  show n in  
T able XIV, a lo n g  w ith  th e  v a lu e s  fo r  th e  sa m e  v a r ie t ie s  o b ta in e d  in  
the p r e s e n t  in v e s tig a tio n  fo r  the  y e a r  1953.
TA BU S XIV
P r o te in  C o n ten t of R ic e  V a r ie tie s  G row n  a t  C ro w le y  S ta tio n  in  1950
an d  1953
V a r ie ty
1950 * 
( S tu rg is  e t  a l ,  60)
1953
( P r e s e n t  in v e s tig a tio n )
R e x o ra 1 0 .30** 9 .4 0
B lu eb o n n e t 7 .2 1 7 .8 8
C e n tu ry 8. 00 8. 20
M ag n o lia 7 .7 9 9 .4 3
Z en ith 7 .0 2 8. 52
* R e c a lc u la te d  u s in g  c o n v e rs io n  fa c to r  5 .9 5
** C ru d e  p ro te in  p e r  cen t.
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A ll five v a r ie t ie s  show  d iffe re n t p ro te in  p e rc e n ta g e s  f o r  the  
tw o y e a r s .  I t  i s  l ik e ly  th a t  ow ing to  in flu e n c es  o f chang ing  e n v iro n ­
m e n ta l f a c to r s  the am in o  a c id  co n ten t of th e  r i c e s  m a y  a lso  v a r y  f ro m  
y e a r  to  y e a r .  I t  is  a p p a re n t  f ro m  th e  v a r ia t io n  o b s e rv e d  th a t  the  
g e n e tic  in flu en ce  on th e  p ro te in  fo rm a tio n  in  r ic e  m a y  be c o n s id e r ­
a b ly  m o d ifie d  b y  e n v iro n m e n ta l f a c to r s .
-T h e re  i s  an  a p p re c ia b le  lo s s  of to ta l  n itro g e n  o r  c ru d e  p ro te in  
d u rin g  m ill in g  (T ab le  XV).
E ffe c t o f M illing
TA B LE XV
C ru d e  P r o te in  L o s s  in  M illin g  of R ice
V a r ie ty  o f 
r ic e
P e r  c e n t lo s s  in  
 m illin g
S ize  of 
G ra in
B lu eb o n n e t 11. 6 L ong
C e n tu ry 16.8 Long
M ag n o lia 1 1 .4 M ed ium
Z e n ith 1 4 .4 M ed ium
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C o rre sp o n d in g  to  th is  lo s s  of p ro te in  th e re  is  a  lo s s  o f am ino  
a c id s  a s  w e ll d u r in g  m ill in g  w hen  in te rp r e te d  on  w eigh t b a s is  of th e  
g ra in .  B u t w hen the am in o  a c id  co n te n t is  e x p r e s s e d  on th e  b a s is  of 
16 g ra m s  of n itro g e n  d if fe re n t  am in o  a c id s  re sp o n d  d if fe re n tly  to 
m illin g  t r e a tm e n t .  F o r  a l l  v a r ie t ie s  a t  th e  fo u r lo c a tio n s  th e  a v e ra g e  
co n ten t o f iso le u c in e , le u c in e ,  an d  v a lin e  in c r e a s e d  upon  m illin g . The 
a v e ra g e  co n ten t o f ly s in e ,  h o w e v e r, d e c r e a s e d  in  a m o u n t upon  m ill in g , 
w hile  th e  a v e ra g e  co n ten t o f m e th io n in e  d id  n o t m a te r ia l ly  ch an g e .
K ik  (34, 35), h o w e v e r , h a s  r e p o r te d  a n  in c r e a s e d  c o n te n t in  the  c a s e  
o f ly s in e .  F o r  th e  o th e r  am in o  a c id s  the  ch an g es  w e re  v a r ia b le  fo r  
th e  v a r io u s  v a r ie t ie s .  F r o m  th is  i t  m a y  be  in f e r r e d  th a t  th e  n itro g e n o u s  
m a te r ia l s  re m o v e d  d u r in g  th e  re m o v a l of s e e d  c o a ts  a r e  lo w e r  in  
is o le u c in e , le u c in e , an d  v a lin e  an d  h ig h e r  in  ly s in e  on the  b a s is  of 
n i tro g e n  th a n  th o se  r e ta in e d  in  the  g ra in .  In th is  co n n e c tio n  i t  m ig h t 
b e  n o te d  th a t  R a m ia h  a n d  M u d a lia r  (50) h a d  su g g e s te d  a s  a  r e s u l t  o f 
th e i r  s tu d ie s  th a t  th e r e  i s  a  d iffe re n c e  in  d is tr ib u tio n  of try p to p h a n e  
a n d  ty ro s in e  w ith in  th e  g r a in  l a y e r s .
I t  m a y  b e  in f e r r e d  f ro m  th e  above o b s e rv a tio n s  th a t  th e  d e g re e  
of m illin g  i s  a  f a c to r  d e te rm in in g  the  am o u n t an d  type of p ro te in s  o f 
w h ite  r i c e .
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A m ino  A c id  C on ten t in  R e la tio n  to  T o ta l N itro g e n
A n e x a m in a tio n  of th e  d a ta  p r e s e n te d  in  T ab le  XIII show s th a t  
r i c e s  g ro w n  a t  th e  A rk a n sa s  S ta tio n , in  sp ite  o f th e i r  lo w  n itro g e n  
c o n te n t, a p p ro a c h  o r  ev en  e x c e ll  h ig h  n itro g e n  r ic e s  in  th e  co n ten t 
o f th e  am in o  a c id s  te s te d .  S im ila r ly  C e n tu ry  w hite r ic e  h a d  on  th e  
b a s is  of 16 g m  n itro g e n  the  h ig h e s t  p ro p o r tio n  of le u c in e , try p to p h an e , 
p h e n y la la n in e , th re o n in e  an d  ly s in e  ev e n  though  i t  h a d  the lo w e s t n i tro g e n  
c o n te n t. If M agno lia  b ro w n  r ic e  g ro w n  a t  d if fe re n t s ta tio n s  is  co m p ared , 
th e  r e c ip r o c a l  r e la t io n s h ip  b e tw e en  the n itro g e n  co n ten t and  th e  am in o  
a c id  c o n te n t is  g e n e ra l ly  e v id e n t. T he e f fe c t is  g e n e ra l ly  o b s e rv e d  in  
th e  c a s e  o f a l l  am in o  a c id s ,  b u t is  l e s s  d e fin ite  in  th e  c a se  of try p to p h an e  
an d  m e th io n in e .
A lthough  d if fe re n t  v a r ie t ie s  g ro w n  a t  th e  sam e  lo c a tio n  e x h ib its  
th e  e f fe c t ,  th e  v a r ia t io n  h e re  is  l e s s  c o n s is te n t;  th e  e ffe c t is  m o re  
n o tic e a b le  in  th e  c a s e  of th e  sa m e  v a r ie ty  g row n  a t  d if fe re n t lo c a tio n s .
I t is  e v id e n t th a t  an  in c r e a s e  in  the  n itro g e n  co n ten t of r ic e  
m a y  n o t n e c e s s a r i ly  im p ro v e  th e  am in o  a c id  p a t te rn  in  r ic e .  D if f e r ­
e n c e s  in  n o n p ro te in  n itro g e n  m a y  be a  fa c to r  cau s in g  the v a r ia t io n .
B u t in  th e  c a s e  of c o rn  i t  h a s  b e e n  show n th a t  a s  n itro g e n  co n te n t in  
th e  g r a in  in c r e a s e d  th e r e  w as a  m o re  r a p id  in c r e a s e  in  the co n te n t of 
z e in ,  b r in g in g  ab o u t a  lo w e rin g  in  q u a lity  of the  to ta l  c o rn  p ro te in .  A  
r e c ip r o c a l  r e la t io n s h ip  b e tw e en  to ta l  n i tro g e n  and  a rg in in e , ly s in e  an d
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v a lin e  co n ten t w as a ls o  r e p o r te d  in  th e  c a se  o f w hea t. The c a u se  fo r  
su c h  an  e f fe c t is  n o t w ell u n d e rs to o d .
The co n ten t of c ru d e  p ro te in  an d  am in o  a c id s  in  r ic e  i s  in ­
f lu e n c e d  b y  a  v a r ie ty  of f a c to r s .  T he p r e s e n t  in v e s tig a tio n  s t r e s s e s  
the n e e d  fo r  f u r th e r  r e s e a r c h  in  e lu c id a tin g  th e  r o le s  p la y e d  b y  g en e tic  
in f lu e n c e s , e n v iro n m e n t and  o th e r  f a c to rs  in  th e  s y n th e s is  o f am in o  
a c id s  an d  p ro te in s  in  r ic e .
SUMMARY AND CONCLUSIONS
(1) R ice  v a r ie t ie s  g row n  a t  th e  sam e  s ta tio n  d iffe r  w id ely  in  
th e i r  ly s in e ,  m e th io n in e , th re o n in e , p h en y la lan in e , iso le u c in e , 
le u c in e ,  v a lin e , an d  try p to p h an e  co n ten t.
(2) T h e re  is  c o n s id e ra b le  v a r ia t io n  in  am ino  a c id  c o m p o sitio n  
of th e  sa m e  v a r ie ty  g ro w n  a t  d if fe re n t lo c a tio n s .
(3) M illin g  c a u s e s  a  d e c re a s e  in  the c ru d e  p ro te in  c o n te n t and  
a ls o  in  th e  e s s e n t ia l  am in o  a c id  c o n te n t of th e  r ic e  g ra in ,  w hen e x ­
p r e s s e d  on a  w eig h t b a s is .  W hen the  am in o  a c id  co n ten t is  e x p re s s e d  
on th e  b a s is  of 16 g ra m s  of n itro g e n  d iffe re n t am in o  a c id s  have d i f f e r ­
e n t r e s p o n s e s  to  m illin g  t r e a tm e n t .  F o r  a ll  fo u r  v a r ie t ie s  a t  th e  fo u r 
lo c a tio n s  th e  a v e ra g e  co n ten t o f iso le u c in e , le u c in e , and  v a lin e  in ­
c r e a s e d  upon m illin g . The a v e ra g e  co n te n t o f ly s in e ,  h o w e v e r, d e ­
c r e a s e d  in  am o u n t upon m ill in g , w hile th e  a v e ra g e  co n ten t of 
m e th io n in e  d id  n o t m a te r ia l ly  ch an g e . F o r  th e  o th e r  am ino  a c id s  the 
ch an g es  w ere  v a r ia b le  fo r  v a r io u s  v a r ie t ie s .  I t m a y b e  in f e r r e d  th a t  
th e  n a tu re  an d  d is tr ib u tio n  of p ro te in s  w ith in  th e  r ic e  g ra in  a r e  n o t 
u n ifo rm .
(4) R ic e s  g ro w n  a t  the  A rk a n s a s  S ta tio n  h ad  a  low  n itro g e n  
c o n ten t b u t th e i r  e s s e n t ia l  am in o  a c id  co m p o sitio n  a p p ro a c h e d  o r  ev en  
e x c e lle d  h ig h  n i tro g e n  co n ten t r i c e s .  M ag n o lia  b ro w n  r ic e  g ro w n  a t
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d if fe re n t s ta t io n s  a ls o  e x h ib ite d  g e n e ra l ly  a  r e c ip r o c a l  r e la t io n s h ip  
b e tw een  the  co n te n t of n itro g e n  and  th e  co n ten t of am in o  a c id s  in  the 
g ra in .  D if fe re n t v a r ie t ie s  g row n a t  th e  sam e  lo c a tio n  show ed the 
e f fe c t  b u t th e  v a r ia t io n  w as m o re  c o n s is te n t and  p ro n o u n ced  in  the  
c a s e  of th e  sa m e  v a r ie ty  g row n  a t  d if fe re n t lo c a tio n s . The e f fe c t  w as 
g e n e ra l ly  n o tic e a b le  w ith  r e s p e c t  to  a l l  th e  am in o  a c id s  te s te d  b u t is  
l e s s  d e fin ite  in  th e  c a s e  of try p to p h an e  and  m e th io n in e .
The find ing  h a s  r e la t io n  to  s im i la r  o b s e rv a tio n s  r e p o r te d  in  
the  c a s e  of c o rn  a n d  w h eat.
(5) I t  i s  ev id en t th a t  m an y  f a c to rs  a r e  o p e ra tin g  w hich  a r e  
e ffe c tiv e  in  m o d ify ing  the  co n ten t of c ru d e  p ro te in  and  am ino  a c id  in  
th e  r ic e .
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APPEN D IX  I
E x p e r im e n ts  to  D e te rm in e  P ro c e d u re  fo r  th e  L ib e ra t io n  of T ry p to p h an e
in  R ice
L - try p to p h a n e
No.__________ R e a g e n t_____________ T re a tm e n t D u ra tio n _____ con ten t**
1 1 g ra m  of r ic e  p lu s  A u to c lav ed  4  h r  s .  1 .9 4  ug
10 m l o f 5 N NaOH a t  15 lb s .
2 1 g r a m  of r ic e  p lu s  A u to c lav ed  7 - 1 /2  h r  s . 2 .0 9  ug
10 m l o f 5 N N aO h a t  15 lb s .
1 g r a m  of r ic e  p lu s  A u to c lav ed  4  h r  s .  2. 15 ug
20 m l o f 2. 5 N N aO h 45 15 l b s .
1 g r a m  o f r ic e  p lu s  A u to c la v e d  7 - 1 /2  h r  s .  2 .0 1  ug
20 m l o f 2. 5 N NaOH a t  15 lb s .
1 g r a m  sa m p le  p lu s  
50 m g . o f p a n c re a t in x  
p lu s  25 m g . o f hog 
m u c o sa  p lu s  20 m l 
o f HLjO, u n d e r  to luene.
pH  in i t ia l ly  a d ju s te d  
to  8 .2 .  S haken  b y  h and  
5 t im e s  a  d ay  in  th e  in ­
c u b a to r  p lu s  one h o u r 
co n tin u o u s sh ak in g  in  
a u to m a tic  s h a k e r  a t  
ro o m  te m p e r a tu re  on 
the  seco n d  day .
2 .6 0 *  ug
* C o r r e c te d  fo r  b lan k .
**  L - try p to p h a n e  co n ten t in  0 .0 0 2  g ra m  of a i r  d r ie d , f a t - f r e e ,  R e x o ro -  
b ro w n  r ic e  g ro w n  a t  C ro w le y  S ta tio n .
x  P a n c r e a t in  - M e rc k  an d  Co.
Hog M u co sa  -  W ilson  an d  Co.
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APPEN D IX  II
E x p e r im e n t  to  D e te rm in e  O ptim um  C o n d itio n s  fo r  A c id  H y d ro ly s is
o f R ice
No.
Wt. o f 
sa m p le V olum e S tre n g th
A u to c lav in g
p r e s s u r e D u ra tio n
P e r  c e n t am ino  
n itro g e n  in  
the  sa m p le
A 2 g 50 m l. 2. 5 N HC1 15 lb s . 8 h r  s . 1 .0 9 2
B 2 g 50 m l. 2. 5 N HC1 15 lb s . 10 h r  s . 1. 115
C 2 g 50 m l. 2. 5 N HC1 15 lb s . 12 h r s . 1. I l l
D 2 g 50 m l. 2. 5 N HC1 15 lb s . 16 h r s . 1 .091
E 2 g 25 m l. 6 N HC1 15 l b s . 8 h r s . 1 .099
F 2 g 25 m l. 6 N HC1 15 lb s . 12 h r s . 1 .083
G 2 g 50 m l 2 .5  N HC1 15 lb s . 8 h r s . 1 .0 5 7
(K ik 1's P ro c e d u re )
H 2 g 50 m l. 2. 5 N HC1 15 lb s . 10 h r s . 1 .069
/
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A P P E N D IX  ID 
S ch em e fo r  D ilu tio n  o f the H y d ro ly sa te s
D ilu tio n  e x p r e s s e d  in  C o n c e n tra tio n
A m ino  a c id  t e r m s  of r ic e  le v e ls  u s e d
L y s in e 1 g ra m  of r i c e / 100 m l 1, 2 a n d  3 m l
M eth io n in e 1 g r a m  of r i c e / 100 m l 1, 2 an d  3 m l
P h e n y la la n in e 0. 5 g ra m  of r i c e / 100 m l 1, 2 a n d  3 m l
T h re o n in e 0. 5 g r a m  of r i c e / 100 m l 1, 2 an d  3 m l
Iso le u c in e 0. 25 g ra m  of r ic e /1 0 0  m l 1, 2 a n d  3 m l
L e u c in e 0. 125 g ra m s  of r ic e /1 0 0  m l 1, 2 a n d  3 m l
V aline 0. 125 g ra m s  of r i c e / 100 m l 1, 2 an d  3 m l
T ry p to p h an e 0 .0 2 0  g ra m  of r ic e /1 0 0  m l 1, 2 an d  3 m l
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A P P E N D IX  IV
C o n c e n tra tio n  L e v e ls  of S ta n d a rd  A m ino A cids U sed  fo r  O btain ing
S ta n d a rd  C u rv e
R ange u s e d  fo r  s ta n d a rd  A s s a y  ra n g e
A m ino a c id cu rv e  (in  u  g ra m s ) (u g .)
L  - ly s in e 0, 2 3 ,9 0 , 4 7 .8 ,  71. 7 , 95. 6, 119 .5 0 - 200
D L -m e th io n in e 0, 10, 20, 3 0 , 30, 4 0 , 50, 60, 80, 100 0 - 80
D L -th re o n in e o, 10, 20, 3 0 , 40, 50 , 60, 80 , 100, 120 0 - 120
D L -p h en y la lan in e 0, 10, 20, 30 , 40, 5 0 , 60, 80 , 100, 120 0 - 100
D L -iso le u c in e o, 10, 20, 30 , 40, 5 0 , 60, 80 , 100, i2 0 0 - 120
D L -v a lin e o, 10, 20, 3 0 , 40, 50 , 60, 80 , 100, 120 0 - 120
DL -le u c in e o, 5, 10, 15, 20, 25 , 30, 4 0 , 50, 60 0 - 60
D L -try p to p h a n e o, 2, 4 , 6, 8 , 10, 12, 16 0 - 12
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A PPEN D IX  V
T ryptophane Content* of B row n and White R ice  of F o u r V a rie tie s  Grown
a t F o u r L oca tions
S ta tio n
M illin g
T re a tm e n t B lu eb o n n e t C e n tu ry M agno lia Z e n ith
E x p e r im e n ta l  
S ta tio n , C ro w ley
B ro w n
B ro w n
1 8 5 .0 4  
181 .65









17 0 .5 7
2 0 4 .6 7  
2 0 0 .7 6
1 5 9 .0 4  
152. 10
1 8 7 .2 6
179-92
B r e w e r 's  F a r m ,  
C ro w ley
B ro w n
B ro w n
2 2 9 .8 1  . 
2 2 4 .0 9
185 .63  
191 .17
2 1 1 .5 5
2 1 1 .5 5
199-52
1 9 1 .8 4
W hite
W hite






16 8 .3 6
177 .30
S tu ttg a r t ,
A rk a n sa s
B ro w n
B ro w n
199.11
1 91 .53
2 6 5 .5 0
2 6 1 .8 8
2 6 5 .2 5
2 53 .99
2 0 4 .2 4  




2 8 3 .9 3
2 8 3 .0 3
2 8 7 .4 5
22 8 .8 9
22 8 .8 9
226. 64 
2 2 6 .6 4
B ea u m o n t,
T ex as
B ro w n
B ro w n
2 1 2 .1 2  
2 1 2 .1 2
2 1 6 .7 2  
2 1 0 .8 5
2 0 8 .2 3
2 1 1 .8 0
2 1 0 .7 1




2 3 2 .1 1
2 2 0 .3 0
2 2 3 .8 7
2 0 5 .0 4
2 1 1 .7 2
214. 70 
>203.36
* E x p r e s s e d  a s  g ra in s  X 10 of try p to p h a n e  on th e  b a s is  of 16 g ra m s  of 
to ta l n i tro g e n .
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A P P E N D IX  VI 
T ry p to p h an e  (A n a ly s is  o f V a ria n c e )
S o u rc e s  of 
v a r ia tio n
D e g re e s  of 
f re e d o m
S um  of 
s q u a re s
M ean
s q u a re
F  v a lu e  
(c a lc u la te d )
S ta tio n 3 22696. 33 7 5 6 5 .4 4 4 0 2 .6 * *
V a r ie t ie s 3 5192. 60 1730. 87 9 2 .1 * *
M illin g 1 2 2 0 .5 0 220. 50 11 .7 * *
S ta tio n  x  V a r ie t ie s 9 16141 .36 1 7 9 3 .4 8 9 5 .4 * *
V a r ie t ie s  x  M illin g 3 2075 .61 6 9 1 .8 7 36. 8**
S ta tio n  x  M illing 3 1177 .58 392. 53 20. 9**
S ta tio n  x  V a r ie t ie s  
x  M illin g
9 1635 .52 181. 72 9 . 7**
C hance 32 601. 16 18. 79
T o ta l 63 4 9 7 4 0 .6 6
** = H igh ly  s ig n if ic a n t
VITA
P .  K rish n a  K y m a l w as b o rn  a t  M u v a ttu p u zh a , T ra y a n c o re -  
co ch in  In d ia  on N o v em b er 24, 1921. He r e c e iv e d  h is  e le m e n ta ry  
a n d  h ig h  sch o o l e d u ca tio n  a t  M u v attupuzha . He g ra d u a te d  in  1943 
f ro m  M a h a ra ja s  C o lleg e , E rn a k u la m , M a d ra s  U n iv e rs i ty  w ith  a  
B a c h e lo r  o f S cience d e g re e .  He w as th e  r e c ip ie n t  o f the  A y u rv ed ic  
r e s e a r c h  s c h o la rs h ip  in  1943. He o b ta in e d  h is  M a s te r 's  D e g re e  in  
1947 f ro m  the  M a d ra s  U n iv e rs ity .
S in ce  1946, he h a s  b ee n  w ork ing  w ith  th e  G o v e rn m e n t o f 
O r i s s a ,  In d ia , a s  the  A s s is ta n t  D ir e c to r  of F o o d  S u p p lie s . In 1952 
h e  w as a w a rd e d  the F u lb r ig h t  and  F o rd  F o u n d a tio n  S c h o la rsh ip  and  
h e  jo in e d  th e  L o u is ia n a  S ta te  U n iv e rs i ty  a s  a  g ra d u a te  s tu d e n t. He 
w a s  e le c te d  to  P h i L a m b d a  U psilon  in  1954. He is  now  a  can d id a te  
fo r  the  d e g re e  o f D o c to r o f P h ilo so p h y .
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